Background-The benefit of combined chemoradiation in elderly patients with human papillomavirus (HPV)-positive locally advanced oropharyngeal squamous cell carcinoma (SCC) must be balanced with the potential for higher toxicity rates. We performed a retrospective review of our institutional experience.
INTRODUCTION
The optimal treatment of elderly patients with locally advanced head and neck cancer is controversial. Curative chemoradiation (CRT) is associated with relatively high rates of acute and late toxicities of up to 90% and 43%, respectively, in large randomized series. 1, 2 Despite higher rates of toxicity, there is a clear survival benefit with the addition of chemotherapy to radiotherapy alone, as was convincingly shown by the meta-analysis of chemotherapy in head and neck cancer. 3 However, the benefit of CRT in the elderly population is not clear. The meta-analysis of chemotherapy in head and neck cancer results demonstrated a statistically significant survival benefit of 6.5% with the addition of chemotherapy to radiation therapy in locally advanced head and neck squamous cell carcinoma (HNSCC), 3 but a subset analysis showed a diminishing benefit of chemotherapy in ages 70 years or older. Elderly patients are often excluded from clinical trials or are underrepresented. 4 They tend to have higher rates of comorbidities and reduced renal, cardiac, and respiratory reserves, which can lead to higher toxicities and worse quality of life after aggressive combined modality therapy. 5 Additionally, the presence of comorbidities may independently have a negative effect on disease-specific and overall survival (OS). 6 Age has been suggested to be an independent prognostic factor in HNSCC, with lower OS and disease-specific survival in patients older than 65 years relative to those younger than 65. 7 Comparative effectiveness analyses have also suggested that there is no benefit of combined modality treatment in the elderly cohort. 8 On the other hand, some retrospective series of CRT in the elderly have demonstrated outcomes similar to younger patients, albeit at the cost of greater acute toxicity, 5, 9, 10 leading to the recommendation that age alone should not be used as a criterion for withholding aggressive treatment in the elderly. Retrospective data and national registry-based analyses are often limited by significant heterogeneity within the study cohorts. Disease-specific and patient-specific prognostic and predictive factors, which can have a major impact on treatment outcomes, are not always accounted for. In particular, the prevalence of human papillomavirus (HPV)-positivity in oropharyngeal carcinoma among these datasets remained unknown, although it is estimated that, in the general population, up to 70% of oropharyngeal squamous cell carcinomas (SCCs) are caused by HPV. 11 Cancers of the oropharynx are unique in that HPV-associated SCCs represent a distinct clinical and prognostic entity compared to tobacco-associated and alcohol-associated SCCs. Epidemiologically, these cancers often occur in younger patients 12 and have significantly better OS and locoregional control rates than non-HPV associated or smoking-related oropharyngeal SCC. 11, 13, 14 On the other hand, HPV-associated cancers display a tendency for distant metastases, often at prolonged intervals from initial therapy. 15 Thus, efforts to deescalate treatment in this favorable subgroup of oropharyngeal cancers must be balanced with reducing the risk of distant failure in the long term. Radiation Therapy Oncology Group (RTOG) 1016, a phase III randomized trial comparing cetuximab to cisplatin as concurrent systemic treatment with definitive radiation therapy in patients with HPV-related oropharyngeal cancers, is currently closed to accrual and is pending results, and attempts to determine if treatment can be deintensified for HPV-positive oropharyngeal SCC. 16 A reduced dose of radiotherapy with cetuximab after complete response to induction chemotherapy has been shown to have excellent short-term outcomes in HPV-positive patients with head and neck cancers in a phase III Eastern Cooperative Oncology Group study. 17 The feasibility of eliminating or reducing the dose of radiation therapy after limited surgery, including transoral robotic surgery, is also being investigated. 19 Elderly patients with HPV-associated oropharyngeal SCC account for only a small proportion of all HPV-positive tumors. 13 As mentioned above, optimal management of this specific population is unclear. Notably, current guidelines do not recommend modification of therapy based on either age or HPV status and concurrent CRT remains the standard of care for locally advanced disease. Given the lack of prospective data in this subgroup of patients, we sought to determine clinical outcomes within our institution for definitive treatment for HPV-positive oropharyngeal SCC in patients 70 years or above.
MATERIALS AND METHODS
This was a retrospective chart review for which institutional review board approval was obtained. The Emory University institutional database was queried for patients diagnosed with primary SCC of the oropharynx (base of tongue, tonsil, pharyngeal wall, soft palate, oropharynx, or not otherwise specified) who were treated with definitive concurrent CRT between January 1, 2005, and December 31, 2013. Patients included in the analysis were at least 70 years old at diagnosis or at any time before completing radiation therapy. Patients receiving radiation therapy alone without concurrent systemic therapy, patients with metastatic disease, or those who were not confirmed to be HPV-positive were excluded from this study. Patients who had received prior head and neck radiation therapy, had recurrent disease, or were treated primarily by surgical resection were also excluded from this study. HPV-positivity by either positive p16 immunostaining or in situ hybridization (ISH) for HPV DNA was required and was determined from pathology reports. For patients without p16 or HPV status documentation, we attempted to retrieve their pathology slides/blocks and p16 staining was then performed. Please see below for details regarding p16 staining. Patients were excluded from this study if we were unable to locate the tissue or had insufficient material to perform immunohistochemistry analysis.
p16 ink4a immunohistochemical staining
In cases in which the HPV status of the oropharyngeal tumor was unknown, p16 ink4a (p16) immunostaining was performed and funded through institutional departmental sources. In a manner described per the manufacturer's protocol (CINtec 9517, MTM Laboratories, Westborough, MA), the p16 immunostain process was performed on sections cut from formalin-fixed paraffin-embedded tissue blocks on an open system automated immunostainer (DAKO Autostainer Link 48). Utilizing a diaminobenzidine reagent to visualize the antibody-antigen complex, the slides were then counterstained with hematoxylin, and washed. Positive and negative control slides were performed with each case. The proportion of tumor cells demonstrating nuclear and cytoplasmic p16 immunostaining were dichotomously classified as p16-positive (>75% tumor cells exhibiting strong and diffuse nuclear and cytoplasmic staining) or p16-negative (<75% tumor cells exhibiting strong and diffuse nuclear and cytoplasmic staining. 20 In archival study cases, the proportion of tumor cells demonstrating nuclear and cytoplasmic p16 immunostaining were dichotomously classified as p16-positive (>50% tumor cells exhibiting strong and diffuse nuclear and cytoplasmic staining) or p16-negative (<50% tumor cells exhibiting strong and diffuse nuclear and cytoplasmic staining. 20 Beginning in 2014, positive p16 immunostaining of an oropharyngeal SCC is accepted as a surrogate of HPV-positivity, a joint decision supported by the institutional Head and Neck Tumor Board.
Human papillomavirus 16/18 in situ hybridization
In cases studied with ISH, 5 micron tissue sections were processed with a biotin-labeled HPV 16/18 DNA probe (ENZO Life Sciences, Farmingdale, NY) and Gen-Point Tyramide Signal Amplification System (DAKO) with development of the final signal using 3, 3'-diaminobenzidine. These results were subsequently counterstained with hematoxylin. All steps, including positive and negative control slides, were performed on the Leica Bond III automated system in a manner as instructed by the supplier. Any punctate, dot-like nuclear staining was interpreted as evidence of DNA integration, a positive result.
All patients had to be deemed medically fit to undergo definitive radiation therapy with concurrent systemic therapy. The choice of systemic agent was per provider preference, and included cisplatin, carboplatin/paclitaxel, cetuximab, or docetaxel. Patients receiving induction chemotherapy (as part of the PARADIGM trial 21 ) were included, provided they also received concurrent chemotherapy during the radiation treatment. Patients prospectively enrolled on institutional or multicenter trials were included in the current study. Radiation therapy was delivered using modern linear accelerators with 6 MV photon energy using intensity-modulated radiation therapy or volumetric modulated arc therapy. Treatments were generally given once a day, 5 days a week, except for patients enrolled on the RTOG 1016 protocol who received 6 fractions per week, and patients on the PARADIGM trial who received twice daily radiation after the initial 36 Gy.
Patient demographics and tumor characteristics were extracted from electronic medical records and recorded. Primary endpoints were OS, disease-free survival (DFS), and locoregional failure-free survival. All intervals were calculated from the date of diagnosis. Secondary endpoints included acute toxicity, hospitalization during treatment, late toxicity, and percutaneous endoscopic gastrostomy (PEG) tube dependence at 6 months. Acute toxicity was routinely assessed by the treating physician as part of weekly treatment checks and recorded in the radiation therapy chart. Grading of acute toxicity was according to RTOG grading criteria. Late toxicity was defined as any toxicity noted after 30 days from the last treatment. Data for late toxicity was retrieved from clinical notes at each follow-up visit. Deaths were recorded from patient charts or from the social security death index via commercial genealogical search websites. Crude rates of grade 3 or higher acute and late toxicities were calculated. Survival analyses were performed using the Kaplan-Meier method.
RESULTS

Patient and tumor characteristics
Twenty-one patients who met inclusion criteria were identified. Clinical characteristics are summarized in Table 1 . The majority of patients were men (85.7%). Median age at diagnosis was 72.6 years (range, 69.8-75.8 years). Notably, only 6 patients were never smokers and 11 patients (52%) had 30 pack-year or greater smoking history, 12 patients had a 10 or greater pack-year smoking history (57%); 2 additional patients were documented smokers without quantitative data on pack-years. The most frequent primary site was the base of tongue in 66.7%, followed by tonsil (23.8%), and pharyngeal wall (4.8%). One patient had synchronous tonsil and base of tongue cancers (contralateral sides). The majority of the patients were American Joint Committee on Cancer (AJCC) stage IVA (17 patients), 3 were stage IVB, and 1 was stage III (see Table 2 for details of the stages). Two patients received induction chemotherapy (on PARADIGM trial); all patients received concurrent chemotherapy with cisplatin (9 patients), carboplatin/paclitaxel (10 patients), cetuximab (1 patient), or docetaxel (1 patient; Table 3 ). Median RT dose was 70 Gy (range, 69.9-74.5 Gy). Median follow-up was 22.4 months.
Treatment completion
All patients completed the planned course of radiation therapy, 3 patients had reported treatment breaks secondary to side effects requiring hospitalization. The length of treatment break ranged from 4 to 8 days. In terms of chemotherapy, 10 patients (47.6%) received all cycles of chemotherapy as planned ( Table 3 ). The remaining patients had intolerance or significant toxicity to the initial regimen, leading to dose reduction (2 patients; 9.6%), delay in subsequent cycles (6 patients; 28.6%), or change in the chemotherapy regimen (4 patients; 19%). One patient had both dose reduction and delay in the next cycle.
Locoregional failure-free survival and overall survival
Median OS was not reached in our study (Figure 1 ). Estimated 5-year OS was 76.0%. There was 1 death from acute toxicity (see below) and 1 death from an unknown cause, who had no evidence of disease at the last follow-up. Median DFS was 4.2 years; estimated 5-year DFS was 40%. No patient developed local failure, and only 1 patient had regional failure (4.8%). This patient had persistent palpable cervical adenopathy and underwent subsequent neck dissection. He was found to have 1 positive lymph node on final pathology; however, he was alive and disease-free after 5.7 years of follow-up after neck dissection. One patient who died of acute toxicity could not be assessed for disease control and was censored at the time of death. Of the remaining 19 patients, 3 developed distant failures in the lung. Of these, 2 underwent wedge resections and 1 patient subsequently received systemic therapy. Both patients remained alive and disease-free until the last follow-up. The third patient with distant metastasis developed pleural effusion for which he underwent thoracentesis and talc pleurodesis, multiple cycles of palliative chemotherapy, and was ultimately discharged to hospice. However, a documentation of death cannot be found for this patient.
The remaining 15 patients all remained alive and disease-free. The 5-year locoregional failure-free rate was 95%. Thus, distant metastasis was the predominant failure pattern with lung metastases occurring in 3 patients for a 5-year distant metastasis-free rate of 71.8%. There was only 1 regional failure that was successfully salvaged with neck dissection.
Toxicity
One patient (enrolled on the PARADIGM trial of induction chemotherapy) died of acute toxicity shortly after completion of treatment. This patient developed respiratory failure secondary to bilateral pneumonia presumed to be resulting from aspiration. There were no other treatment-related deaths.
During treatment, most patients developed low-grade fatigue, anorexia, dysphagia, mucositis, and xerostomia. Grade 3 or higher acute toxicity was seen in 37.5% (see Table 4 for details). Specifically, 2 patients developed grade 4 anorexia, 3 patients had grade 4 dysphagia, and 1 patient developed grade 4 mucositis. Thirteen patients (61.9%) had unplanned hospitalizations during the treatment course for acute toxicities. All patients had gastrostomy tubes placed prophylactically before treatment. Five patients (25%) remained PEG-dependent at 6 months. Late toxicity was noted in 12 of 20 patients (60%). These included 3 patients with osteoradionecrosis and 1 patient with soft tissue necrosis, and 6 patients with dysphagia or esophageal strictures requiring dilation (Table 5 ). Mild to moderate xerostomia occurred in 4 patients (20%). A variety of management approaches was utilized ranging from physical therapy/ speech and swallowing therapy, dilation, hyperbaric oxygen, medications, and surgery.
DISCUSSION
HNSCC is primarily a disease of the elderly, with a median age at diagnosis of 62 to 65 years. 22 In many head and neck subsites, locally advanced therapy is treated with a combination of chemotherapy and radiation. This is based on prospective data, and a large meta-analysis showed that there was a survival advantage with the addition of chemotherapy, particularly concurrent chemotherapy. 3 However, in this meta-analysis, there was noted to be a decreasing effect of the survival benefit with increasing age on a subset analysis. Of note, only about 7.4% of the patients included in the study were older than 70 years of age. The lack of a robust survival benefit coupled with the perception among providers that older patients have poor tolerance to aggressive multimodality therapy has led to the argument that these patients could be candidates for deintensified treatment. The notion that fewer elderly patients are offered aggressive or combined modality therapy is supported by studies conducted within population-based registries such as the Surveillance, Epidemiology, and End Results database.
The rising incidence of HPV-associated oropharyngeal SCC and the favorable prognosis carried by this pathologic entity has led to studies investigating treatment deintensification. This disease is more common in a younger population, and their anticipated long-term survival has also raised concerns about late toxicity with combined modality therapy. However, it is being increasingly recognized that HPV-positive cancers have a propensity for late distant metastasis, often to nonpulmonary sites. In particular, patients with HPV-positive oropharyngeal SCC who were stage N2c were found to have increased incidence of distant metastasis when treated with RT alone compared with CRT. 15 Clearly, some subsets of patients stand to benefit from aggressive therapy even in the context of HPV-positive disease. Given that HPV-positive disease is less common in older patients, the paradigm for their management is even less established.
In this present study, clinical outcomes for elderly patients with confirmed HPV-positive oropharyngeal SCC are reported. All patients were treated with standard definitive chemoradiation, including some who were enrolled on multi-institutional national protocols, notably the PARAGIDM and RTOG 1016 randomized control trials. HPV-positive status either by positive p16 immunostaining or ISH for HPV was a requisite to ensure patient homogeneity. Our series demonstrated excellent locoregional failure-free survival of 95% at 5 years, with only 1 patient with persistent neck disease after completion of definitive treatment, which was subsequently salvaged with neck dissection. This rate is similar if not higher than those reported in the literature, in which HPV-positive tumors had a hazard ratio of 0.49 for progression-free survival compared with HPV-negative tumors, and a 3-year progression-free survival rate of 13%. 14 We also noted an impressive OS in our cohort, with a 5-year OS rate of 75.8%, even though the majority of our patients were heavy smokers, thus exceeding survival rates reported in literature.
In terms of toxicity of treatment, single institutional series have previously demonstrated reasonable tolerance of chemoradiation within the elderly population. A series of 89 patients older than 70 years treated with 5 fluorouracil and hydroxyurea-based CRT for locally advanced head and neck cancer revealed that over 86% of the patients were able to complete the planned treatment. 5 Forty-four percent of these patients had oropharyngeal primaries. Sixty-two percent required gastrostomy tube placement, 47% being unplanned; and aspiration (40%) and hematologic toxicities were some of the other toxicities reported. Another retrospective study showed no differences in the rates of acute toxicity or survival between older and younger patients undergoing CRT for locally advanced head and neck cancer, defined as >70 or <70 years. 10 Rates of unplanned hospitalization, myelosuppression, gastrostomy tube placement, and completion of all cycles of chemotherapy was noted to be significantly different in another retrospective series; however, this study did not find any differences in disease control or survival between patients aged 70 and older versus younger patients. 9 In the current study, there was 1 treatment-related death occurring within 30 days after conclusion of CRT. Rates of other acute grade 3 and 4 toxicities were in the range of 37%, and long-term toxicity was also not trivial, at 60%. However, this includes mild as well as severe effects, as long-term toxicity was not always explicitly graded by providers at follow-up visits.
At our institution, it is routine practice to offer prophylactic gastrostomy tube placement to all patients about to start a course of definitive CRT for locally advanced head and neck cancer. All patients undergo comprehensive evaluation by speech pathology with assessment of swallowing function, both during treatment and after completion of treatment. Removal of the gastrostomy tube is recommended once the patient is noted to be tolerating all nutrition orally for at least 2 weeks, and is usually performed during a follow-up visit. In our series, we noted a long-term (defined as 6 months after completion of CRT) PEG-dependence rate of 25%. This is not different from rates reported in literature, and may be at least partly related to noncompliance with speech and swallowing exercises, as recently reported in the literature. 23 It must be noted, however, that compliance with therapy was not assessed in our study.
The majority of the published literature analyzing outcomes in elderly patients with head and neck cancer suffer from lack of HPV data. HPV-positivity is possibly one of the strongest predictors of outcome in oropharyngeal SCC. With HPV projected to be causative in up to 70% of oropharyngeal SCC in the near future, information about HPV status is very critical in predicting outcomes and attempting to tailor therapy. As seen in our cohort, the actuarial rate of distant metastasis was 28.2% with combined modality therapy at 5 years. Two of these patients had N2c disease, which has been reported to be a predictor of distant relapse 15 and the third patient had N2b disease. It is likely that the distant failure rate will be higher at longer follow-up.
Our study expectedly had limitations associated with retrospective reviews in general. Our study population was small, largely because of the rarity of this disease in the elderly population, as well as nonstandardized HPV testing in the early years of the study period. Additionally, comorbidity data were not available and median follow-up was 22.4 months. Treatment was administered in a relatively homogenous fashion under the care of 3 different medical oncologists and 3 radiation oncologists. Our rate of unplanned hospitalization was high at 62% and is likely reflective of our institutional practice patterns. OS rates in this study were comparable to those reported in randomized trials within the HPV-positive oropharyngeal population, however, it should be noted that retrospective data are not subject to the same level of scrutiny as data collected in a randomized trial, and prospective results of elderly patients undergoing CRT would be the ideal way to define the optimal treatment for this population.
Another caveat to this study includes receipt of CRT at a single institution with a high volume of patients with head and neck cancer. It is unknown if similar results would be attainable when treatment is given in the community setting, as it is likely that much of the success of CRT treatment in this group of patients is secondary to aggressive management of toxicities during treatment.
In conclusion, our study demonstrates that OS after CRT for patients >70 years with HPVpositive oropharyngeal SCC is similar to OS in the nonelderly population. We observed excellent rates of locoregional failure-free survival, with the dominant pattern of failure being distant failure, with a 28.2% rate of distant metastasis. Our rates of acute and late toxicity were not insignificant. Our findings suggest that standard CRT may be tolerated by the elderly population, and, clinically, outcomes are comparable to that of the general population. Kaplan Meier estimates of overall survival, disease-free survival, locoregional failure-free survival (LRF-free survival), and distant failure-free survival. Tumor characteristics by TNM classification. Xerostomia/loss of taste 4 20 Dysphagia/eso stricture 6 30
Abbreviations: PEG, percutaneous endoscopic gastrostomy; ORN, osteoradionecrosis.
Data for late toxicity was available for only 20 patients because 1 patient died of acute toxicity.
